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Description 

The present invention relates to an exhaust gas 
purification system for an internal combustion en- 
gine which includes a so-called lean NOx catalyst 
in an exhaust conduit of the engine. 

Japanese Patent Publication Nos. HEI 1- 
130735 and HEI 1-135541 disclose an NOx catalyst 
constructed of zeolite carrying a metal selected 
from the group consisting of transition metals arid 
noble metals and capable of reducing nitrogen 
oxides (NOx) under oxidizing gas conditions in the 
presence of hydrocarbons (HC). Such catalyst will 
be called a lean NOx catalyst hereinafter. The lean 
NOx catalyst needs HC to reduce NOx. Japanese 
Patent Publication No. SHO 63-283727 discloses a 
system wherein an HC supply apparatus is pro- 
vided and HC is continuously supplied from the HC 
supply apparatus to a lean NOx catalyst when HC 
included in engine exhaust gas is insufficient, for 
example, when the exhaust gas temperature is high 
and the HC included in engine exhaust gas is 
directly oxidized into CO2 and H 2 0. 

However, there are problems with the prior art 
systems. More particularly, even if HC is supplied 
when the exhaust gas temperature is high, almost 
all of the supplied HC is directly oxidized into CO2 
and H 2 0 and cannot be effectively used for reduc- 
ing NOx. As a result, the NOx reduction rate of the 
lean NOx catalyst will not be increased as much as 
expected. 

Further, if HC is continuously supplied, the 
merit (good fuel economy) of a lean burn engine 
will be lost. Furthermore, such continuous supply of 
HC will increase heat generation due to oxidation of 
HC at the lean NOx catalyst to raise the catalyst 
temperature. As a result, the lean NOx catalyst will 
be thermally degraded. 

An object of the present invention is to provide 
an exhaust gas purification system for an internal 
combustion engine having a lean NOx catalyst in 
an exhaust conduit of the engine wherein HC is 
supplied to increase an NOx purification rate of the 
lean NOx catalyst and the supplied HC can be 
effectively used for increasing the NOx purification 
rate of the lean NOx catalyst. 

The above-described object can be attained by 
an exhaust gas purification system for an internal 
combustion engine in accordance with the present 
invention which includes: an internal combustion 
engine capable of fuel combustion at lean air-fuel 
ratios and having an exhaust conduit; a lean NOx 
catalyst installed in the exhaust conduit of the 
engine; HC amount increasing means capable of 
increasing an amount of HC included in exhaust 
gas flowing to the lean NOx catalyst; catalyst tem- 
perature determining means for determining a tem- 
perature representing a lean NOx catalyst tempera- 



ture and determining whether the lean NOx catalyst 
temperature is below a predetermined value; and 
HC amount increasing means operating means for 
operating the HC amount increasing means inter- 
5 mittently whenever the catalyst temperature deter- 
mining means determines that the lean NOx cata- 
lyst temperature is below the predetermined value. 

In the above-described exhaust gas purification 
system for an internal combustion engine in accor- 
70 dance with the present invention, when the exhaust 
gas temperature is low, the HC amount increasing 
means operating means operates the HC amount 
increasing means so that the amount of HC in- 
cluded in exhaust gas flowing to the lean NOx 
15 catalyst is increased. 

When the exhaust gas temperature is relatively 
low, direct oxidation of the HC is suppressed and 
partial oxidation of the HC is promoted to generate 
a relatively large amount of radicals (active spe- 
20 cies). The radicals will be held within cells of the 
lean NOx catalyst for a plurality of minutes. Since 
the HC amount increasing means is intermittently 
operated so as to increase the HC amount, a 
relatively large amount of HC will be continuously 
25 held within the many cells of the lean NOx catalyst. 
Then, when the lean NOx temperature rises and 
the HC amount is insufficient, the HC held within 
the cells is effectively used for reduction of NOx 
catalyst till ail of the held HC is compensated, so 
30 that a high NOx purification rate (NOx conversion) 
of the lean NOx catalyst is obtained. 

Further, the lean NOx catalyst has a char- 
acteristic that it can show a higher NOx purification 
rate in a rising temperature period of time than in a 
35 falling temperature period of time or in a constant 
temperature period of time. Therefore, since the 
HC held within the catalyst cells is effectively used 
in the rising temperature period of time, the NOx 
purification rate of the lean NOx catalyst will be 
40 further improved. 

Furthermore, since the HC amount increasing 
means operating means operates the HC amount 
increasing means not continuously but intermit- 
tently, increase in HC emissions and thermal deg- 
45 radation of the lean NOx catalyst will be effectively 
suppressed as compared with the conventional 
case where HC was continuously supplied. 

The above and other objects, features, and 
advantages of the present invention will become 
50 more apparent and will be more readily appre- 
ciated from the following detailed description of the 
preferred embodiments of the invention taken in 
conjunction with the accompanying drawings, in 
which: 

55 FIG. 1 is a flow chart of an HC amount increas- 
ing control routine of an exhaust gas purification 
system for an internal combustion engine in 
accordance with an embodiment of the present 
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invention; 

FIG. 2 is a schematic system diagram of the 
exhaust gas purification system for an internal 
combustion engine provided with the embodi- 
ment of the present invention; 
FIG. 3 is a chart illustrating ON and OFF opera- 
tion of the HC amount increasing means of the 
exhaust gas purification system for an internal 
, combustion engine in accordance with the em- 
bodiment of the present invention; and 
FIG. 4 is a graphical representation of an NOx 
. purification rate versus catalyst temperature 
characteristic of a lean NOx catalyst. 
Preferred embodiments of the invention will be 
explained. As illustrated in FIG. 2, an exhaust gas 
purification system in accordance with an embodi- 
ment of the invention includes an internal combus- 
tion engine 2 capable of fuel combustion at lean 
air-fuel ratios (that is, a lean burn engine, including 
a diesel engine). The engine 2 has an exhaust 
conduit 4 where a lean NOx catalyst 6 is installed. 
In this instance, the lean NOx catalyst is defined as 
a catalyst constructed of zeolite carrying a metal 
selected from the group consisting of transition 
metals and noble metals and capable of reducing 
NOx under oxidizing gas conditions (lean air-fuel 
gas conditions) in the presence of HC. 

The exhaust gas purification system further in- 
cludes an HC amount increasing means capable of 
increasing an amount of HC included in exhaust 
gas flowing to the lean NOx catalyst 6. 

Such HC amount increasing means may in- 
clude an HC source 26 and an HC control valve 32 
for switching supply of HC from the HC source 
between ON and OFF. The HC source 26 may be 
an HC bomb or a tank of engine fuel. 

The HC amount increasing means may include 
an ignition plug 8 and ignition timing control 
means. When the ignition timing control means 
advances the ignition timing, the amount of HC 
included in the exhaust gas will be increased. 

The HC amount increasing means may include 
a fuel injection valve installed in an intake conduit 
10 of the engine and fuel injection timing control 
means. When the fuel injection timing is offset from 
an optimum fuel injection timing, unburned fuel will 
be increased to increase the amount of HC in- 
cluded in the exhaust gas. 

The HC amount increasing means may include 
an exhaust gas recirculation system (EGR) having 
an EGR valve 28. When the EGR valve 28 is 
opened to lead a portion of the exhaust gas to the 
intake conduit 10 of the engine, combustion is 
partially degraded to increase the amount of un- 
burned fuel and the amount of HC included in the 
exhaust gas. 

For the purpose of detecting various engine 
operating conditions to control the HC amount in- 



creasing means, various sensors are provided. 
More particularly, an intake pressure sensor 14 and 
an intake air amount detecting sensor (for example, 
air flow meter) 16 are installed in the intake conduit 

5 10 of the engine, and an exhaust gas temperature 
detecting sensor 18 is installed in the exhaust 
conduit 4 of the engine. Further, a crank angle 
sensor 22 and a reference crank angle sensor 24 
are housed in a distributor operatively coupled to 

70 an engine crankshaft. Outputs of these sensors 14, 
16, 18, 22 and 24 are fed to an electronic control 
unit (ECU) 20, and the fuel injection valve 12, the 
ignition plug 8, the EGR valve 28, and the HC 
control valve 32 are controlled in accordance with 

75 the instructions from the ECU 20. 

The ECU 20 is constituted by a micro com- 
puter. The ECU 20 includes analog/digital convert- 
ers 20f, 20g and 20h for converting analog signals 
to digital signals, an input interface 20d for receiv- 

20 ing input signals, a central processor unit (CPU) 
20a for conducting calculations, a read-only mem- 
ory (ROM) 20b, a random access memory (RAM) 
20c for temporarily storing data, an output interface 
20e for sending instruction signals therethrough, 

25 drive circuits 20i, 20j, 20k and 20! for changing 
instruction signals to drive signals, and a connect- 
ing path 20m for electrically connecting these com- 
puter portions. 

A control routine for controlling operation of the 

30 HC amount increasing means, for example a rou- 
tine shown in FIG. 1 , is stored in the ROM 20b and 
called by the CPU 20a where calculation in accor- 
dance with the routine is conducted. 

The control routine of FIG. 1 is entered at 

35 intervals of predetermined periods of time or at 
intervals of predetermined crank angles. In the 
case where the routine is entered at intervals of 
predetermined crank angles, the outputs of the 
reference crank angle sensor 24 can be used for 

40 reference signals of the predetermined crank an- 
gles. 

In the routine of FIG. 1, at step 102, a deter- 
mination is made as to whether or not a catalyst 
temperature of the lean NOx catalyst 6 is lower 

45 than a predetermined temperature, for example 
400 *C. The reason why HC control is conducted 
only at temperatures lower than the predetermined 
temperature is that, at high temperatures higher 
than the predetermined temperature, direct oxida- 

50 tion of HC into C0 2 and H 2 0 is promoted and 
therefore it is difficult to generate radicals due to 
partial oxidation of HC and to smoothly hold the 
radicals in the cells of the catalyst. The step 102 
constitutes part of the catalyst temperature deter- 

55 mining means for determining a temperature repre- 
senting the lean NOx catalyst temperature and 
determining whether the lean NOx catalyst tem- 
perature is below the predetermined temperature. 
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The lean NOx catalyst temperature may -be 
determined on the basis of an engine load Q/N 
(calculated from an intake air amount Q determined 
by the intake air amount detecting sensor 16 and 
engine rotational number N from the output of the 
crank angle sensor 22) and an engine rotational 
speed NE (calculated from the engine rotational 
number N and time) using a predetermined ex- 
haust gas temperature . versus engine operating 
condition map which experimentarily determines 
exhaust gas temperatures corresponding to engine 
operating conditions (engine loads and engine 
speeds). Alternatively, the lean NOx catalyst tem- 
perature may be determined on the basis of the 
outputs of the exhaust gas temperature detecting 
sensor 18. 

Further, since the catalyst or exhaust gas tem- 
perature falls at the time of fuel cutting in decelera- 
tion and at the time of idling, the lean NOx catalyst 
temperature can be deemed to be lower than the 
predetermined temperature when the fuel injection 
period of time in a fuel injection timing calculation 
is found to be zero or when an opening degree of a 
throttle valve 30 is found to be smaller than a 
predetermined throttle valve opening degree. 

If it is determined at step 102 that the lean 
NOx catalyst temperature is equal to or higher than 
the predetermined temperature, the routine pro- 
ceeds directly to a returning step, and only when 
the lean NOx catalyst temperature is determined to 
be lower than the predetermined temperature at 
step 102 does the routine proceed to steps 104- 
126. In this instance, the steps 104-126 constitute 
HC amount increasing means operating means for 
operating the HC amount increasing means inter- 
mittently when the catalyst temperature determin- 
ing means determines that the lean NOx catalyst 
temperature is below the predetermined tempera- 
ture. More particularly, the steps 104-126 includes 
steps 104-114 for holding the HC amount increas- 
ing means in an ON state for a first predetermined 
time period and steps 116-126 for holding the HC 
amount increasing means in an OFF state for a 
second predetermined time period. 

More particularly, at step 104, a determination 
is made as to whether or not flag HCONFLAG, 
which is a flag for indicating ON of the HC amount 
increasing means, is "1". In this instance, "1" of 
the flag corresponds to ON of the HC amount 
increasing means. If HCONFLAG is "0" at step 
104, that is, the HC amount increasing means is 
not in an ON state up to that time, the routine 
proceeds to step 106, where the HC amount in- 
creasing means is switched to ON to begin to 
increase an HC amount. Then, the routine pro- 
ceeds to step 108, where flag HCONFLAG is set to 
"1" and flag HCOFFFLAG is set to "0 n . In this 
instance, HCOFFFLAG is a flag for indicating OFF. 



of the HC amount increasing means and "1" of 
HCOFFFLAG corresponds to a stop of increase in 
the HC amount. If HCONFLAG is "1" at step 104, 
the HC increasing state should be maintained and 
5 therefore the routine ^proceeds to step 110, skip- 
ping steps 106 and 108. 

At step 110, counter HCONTIME for counting 
the HC increasing state holding time period is 
increased by one per entrance to the routine. The 
10 counter constitutes a kind of timer. 

Then, at step 112, a determination is made as 
to whether or not the counted-up time HCONTIME 
exceeds a predetermined time period TON (see 
FIG. 3) during which the HC amount increasing 
15 means should be held ON. 

If HCONTIME is less than TON at step 112, the 
state of ON may be held further and the routine 
returns. In contrast, if HCONTIME is equal to or 
greater than TON at step 112, the routine proceeds 
20 to step 116 where the HC amount increasing 
means is switched to OFF so that the OFF state is 
held for a time period TOFF. In this instance, 
before the routine proceeds to step 116, HCON- 
TIME should be cleared to "0" at step 114. 
25 At step 116, a determination is made as to 
whether or not flag HCOFFFLAG, which is a flag for 
indicating OFF of the HC amount increasing 
means, is "1°. In this instance, "1" of the flag 
corresponds to OFF of the HC amount increasing 
30 means. If HCOFFFLAG is "0 n at step 116, that is, 
the HC amount increasing means is in an ON state 
up to that time, the routine proceeds to step 118, 
where the HC amount increasing means is 
switched to OFF to stop increase in an HC amount. 
35 Then, the routine proceeds to step 120, where flag 
HCOFFFLAG is set to "1" and flag HCONFLAG is 
set to "0". If HCOFFFLAG is "1" at step 116, the, 
HC increase stopping state should be maintained 
and therefore the routine proceeds to step 122, 
40 skipping steps 1 18 and 120. 

At step 122, counter HCOFFTIME for counting 
the HC increase stopping state holding time period 
is increased by one per entrance to the routine. 
The counter constitutes a kind of timer. 
45 Then, at step 124, a determination is made as 

to whether or not the counted-up time HCOFFTIME 
exceeds a predetermined time period TOFF (see 
FIG. 3) during which the HC amount increasing 
means should be held OFF. 
so If HCOFFTIME is less than TOFF at step 124, 
the state of OFF may be held further and the 
routine returns. In contrast, if HCOFFTIME is equal 
to or greater than TOFF at step 124, the routine 
proceeds to step 104 so that the HC amount in- 
55 creasing means is switched to ON and to restart 
increase in the HC amount. In this instance, before 
the routine proceeds to step 104, HCOFFTIME 
should be cleared to "0" at step 126. 
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Due to the control of FIG. 1, the HC amount 
increasing means operating means (including steps 
102-126) operates the HC amount increasing 
means so that a combination of the ON state for 
the TON time period and the OFF state for the 
TOFF time period is repeated at low catalyst tem- 
peratures until the catalyst temperature finally rises 
to the predetermined temperature. As a result, the 
HC amount increasing means is operated intermit- 
tently. 

Operation of the above-described exhaust gas 
purification system for an internal combustion en- 
gine will now be explained. 

The lean NOx catalyst 6 has an NOx purifica- 
tion characteristic A as shown in FIG. 4. At high 
temperatures (for example, above 550 *C), HC in- 
cluded in the exhaust gas is directly oxidized and 
therefore generation of radicals due to partial oxi- 
dation of HC is suppressed. As a result, the NOx 
purification rate re decreased at high temperatures 
(see characteristic C of FIG. 4). In contrast, at low 
temperatures (for example, below 350 *C), the ac- 
tivity of catalyst itself is lost, so that the NOx 
purification rate of the lean NOx catalyst is de- 
creased (see characteristic D of FIG. 4). Therefore, 
the lean NOx catalyst 6 can show a high NOx 
purification rate only in a certain temperature range 
(for example, 350 • C-550 0 C). 

In the prior art .control for the NOx purification 
rate of the lean NOx catalyst, either an amount of 
continuously supplied HC is increased at high tem- 
peratures or a catalyst temperature is controlled to 
be brought into the high NOx purification rate tem- 
perature range. Therefore, an NOx purification sys- 
tem like the present invention, where HC is in- 
creased at low temperatures to generate a large 
amount of radicals and to hold the radicals in cells 
of the catalyst and the held radicals are effectively 
used at high temperatures, cannot be seen in the 
prior art. 

In contrast, in the present invention, the current 
catalyst temperature is determined by the catalyst 
temperature determining means 102, and the HC 
amount increasing means (for example, 26 and 32) 
is intermittently operated by the HC amount in- 
creasing means operating means 104-126 at low 
catalyst temperatures to increase the HC amount in 
the exhaust gas. The increased HC is partially 
oxidized at the lean NOx catalyst 6 to generate 
radicals which are held in the numerous cells (hav- 
ing diameters of about 5 angstroms) of the lean 
NOx catalyst to stay in the cells for several min- 
utes. The HC amount increasing means is con- 
trolled by the HC amount increasing means operat- 
ing means so that the HC amount increasing 
means is in operation for the TON time period (for 
example, three minutes), then operation of the HC 
amount increasing means is stopped for the TOFF 



time period (for example, one minute), and the ON 
and OFF are repeated. Therefore, a large amount 
of radicals will be substantially continuously held in 
the cells of the lean NOx catalyst 6. 

5 Then, when the lean NOx catalyst temperature 

rises to the high NOx purification rate temperature 
range, the radicals held in the cells effectively react 
with NOx to reduce the NOx. As a result, the NOx 
purification rate of the lean NOx catalyst rises 

10 transiently for several minutes until substantially all 
the radicals held in the cells are compensated. 

In addition, as shown in FIG. 4, the NOx pu- 
rification rate D at the time of rising catalyst tem- 
perature is higher than those at the time of con- 

75 stant catalyst temperature and at the time of falling 
catalyst temperature. Since the radicals held in the 
cells are used under rising catalyst temperature 
conditions, the NOx purification rate of the lean 
NOx catalyst 6 will be increased even further. 

20 Moreover, since deceleration and idling con- 

ditions will occur repeatedly in actual car oper- 
ations at low catalyst temperatures, the above- 
described transient NOx purification rate increases ' 
are obtained in every temperature rise after a de- 

25 celeration or idling condition. As a result, the NOx 
purification rate of the lean NOx catalyst 6 will be 
raised. 

In accordance with the present invention, the 
following advantages will be obtained. 

30 First, since the HC amount increasing means 
and the HC amount increasing means operating 
means are provided and the HC amount increasing 
means operates intermittently during low catalyst 
temperature conditions,' a large amount of radicals 

35 generated due to the HC amount increase are held 
within the catalyst cells and the NOx purification 
rate of the lean NOx catalyst can be raised for a 
transient period. Since such low catalyst tempera- 
ture conditions occur repeatedly in actual car op- 

40 eration, the average NOx purification rate of the 
lean NOx catalyst normally will be increased to a 
great extent. 

Second, since the HC amount increasing 
means operating means operates the HC amount 

45 increasing means not continuously but intermit- 
tently, the NOx purification rate of the lean NOx 
catalyst can be raised without being accompanied 
by an increase in HC. emissions and thermal deg- 
radation of the lean NOx catalyst due to heat 

so generated by HC oxidation. Further, the merit of 
good fuel economy of the lean burn engine will not 
be lost. 

Third, since the HC amount increasing means 
is operated at low temperatures, a large portion of 
55 the increased HC can be effectively used for re- 
duction of NOx. In this instance, if HC were sup- 
plied at high temperatures as in the prior art, al- 
most none of the supplied HC could be effectively 
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used for reduction of NOx. 
Claims 

1. An exhaust gas purification system for an inter- 
nal combustion engine comprising: 

an internal combustion engine (2) capable 
of fuel combustion at lean air-fuel ratios and 
having an exhaust conduit (4); 

an NOx catalyst (6) installed in the exhaust 
conduit (4) of the engine (2), the NOx catalyst 
(6) being constructed of zeolite and carrying a 
metal selected from the group consisting of 
transition metals and noble metals; and, 

HC amount increasing means capable of 
increasing an amount of HC included in ex- 
haust gas flowing to the NOx catalyst (6); 
characterised by: 

catalyst temperature determining means 
for determining a temperature representing an 
NOx catalyst temperature and determining 
whether the NOx catalyst temperature is below 
a predetermined temperature; and 

HC amount increasing means operating 
means for operating the HC amount increasing 
means intermittently whenever the catalyst 
temperature determining means determines 
that the NOx catalyst temperature is below 
said predetermined temperature. 

2. An exhaust gas purification system for an inter- 
nal combustion engine according to claim 1 , 
wherein the HC amount increasing means in- 
cludes an HC source (26) and an HC control 
valve (32) for switching supply of HC from the 
HC source (26) between ON and OFF. 

3. An exhaust gas purification system for an inter- 
nal combustion engine according to claim 1, 
wherein the HC amount increasing means in- 
cludes an ignition plug (8) of the engine; igni- 
tion timing control means; and means for ad- 
vancing a timing of the ignition timing means 
in response to a determination by the catalyst 
temperature determining means that the NOx 
catalyst temperature is below said predeter- 
mined value. 

4. An exhaust gas purification system for an inter- 
nal combustion engine according to claim 1, 
wherein the HC amount increasing means in- 
cludes a fuel injection valve (12) for the en- 
gine; fuel injection timing control means; and 
means for offsetting a fuel injection timing from 
an optimum fuel injection timing in response to 
a determination by the catalyst temperature 
determining means that the NOx catalyst tem- 
perature is below said predetermined value. 



5. An exhaust gas purification system for an inter- 
nal combustion engine according to claim 1, 
wherein the HC amount increasing means in- 
cludes an EGR valve (28) of an EGR system 

5 for the engine; EGR valve operation control 

means; and means for actuating the EGR valve 
operation control means to open the EGR 
valve (28) in response to a determination by 
the catalyst temperature determining means 
- io that the NOx catalyst temperature is below 

said predetermined value. 

6. An exhaust gas purification system for an inter- 
nal combustion engine according to claim 1, 

15 wherein the predetermined temperature is 

400*C. 

7. An exhaust gas purification system for an inter- 
nal combustion engine according to claim 1, 

20 wherein the catalyst temperature determining 

means includes an exhaust gas temperature 
detecting sensor (18). 

8. An exhaust gas purification system for an inter- 
25 nal combustion engine according to claim 1, 

wherein the catalyst temperature determining 
means includes an intake air amount detecting 
sensor (16), an engine rotational speed sensor 
(22), and a predetermined map for determining 
30 an NOx. catalyst temperature based on outputs 
from the intake air amount detecting sensor 
(16) and the engine rotational speed sensor 
(22). 

35 9. An exhaust gas purification system for an inter- 
nal combustion engine according to claim 1, 
wherein the catalyst temperature determining 
sensor includes means for calculating a fuel 
injection timing for the engine (2) and means 

40 for determing that the catalyst temperature is 
below said predetermined value upon a signal 
of "zero" for a fuel injection period of time 
calculated by said means for calculating the 
fuel injection timing. 

45 

10. An exhaust gas purification system for an inter- 
nal combustion engine according to claim. 1, 
wherein the catalyst temperature determining 
means includes means for determining wheth- 

so er or not the engine (2) is idling, based on an 
opening degree of a throttle valve (30) and 
determining that the catalyst temperature is 
below said predetermined value when (he en- 
gine (2) is idling. 

55 

11. An exhaust gas purification system for an inter- 
nal combustion engine according to claim 1, 
wherein the HC amount increasing means op- 
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erating means (104-126) includes a first means 
(104-114) for holding the HC amount increas- 
ing means in an ON state for a first predeter- 
mined time period and a second means (11 6- 
126) for holding the HC amount increasing 
means in an OFF state for a second predeter- 
mined time period, the first means and the 
second means being set to be actuated one 
after another. 

12. An exhaust gas purification system for an inter- 
nal combustion engine according to claim 11, 
wherein the first predetermined time period 
(TON) is three minutes and the second pre- 
determined time period (TOFF) is one minute. 

Patentanspriiche 

1. Abgasreinigungsvorrichtung fur einen Verbren- 
nungsmotor, mit: 

einem Verbrennungsmotor (2), mit dem 
Brennstoff bei mageren Luft-Brennstoff-Ver- 
haltnissen verbrennbar ist, und der eine Ab- 
gasleitung (4) hat; 

einem NOx-Kataiysator (6), der in der Ab- 
gasleitung (4) des Motors (2) eingebaut ist, 
wobei der NOx-Katalysator (6) aus Zeolith auf- 
gebaut ist, und ein Metall tragt, das aus der 
Gruppe bestehend aus Obergangsmetallen und . 
Edelmetallen ausgewahlt ist; und 

einer Einrichtung zum Steigern der Koh- 
lenwasserstoffmenge, mit der eine im Abgas, " 
das zu dem NOx-Katalysator (6) stromt, enthal- 
tene Menge an Kohlenwasserstoff steigerbar 
ist; gekennzeichnet durch: 

eine Einrichtung zum Bestimmen der Kata- 
lysatoiiemperatur, um eine Temperatur zu be- 
stimmen, die eine . NOx-Katalysatortemperatur 
reprasentiert, und um zu bestimmen, ob die 
NOx-Katalysatortemperatur unterhalb einer 
festgelegten Temperatur ist; und 

eine Betatigungseinrichtung fOr die Ein- 
richtung zum Steigern der Kohlenwasserstoff- 
menge, um die Einrichtung zum Steigern der 
Kohlenwasserstoffmenge zeitweilig jedesmal 
zu betatigen, wenn die Einrichtung zum Be- 
stimmen der NOx-Katalysatortemperatur be- 
stimmt, daB die NOx-Katalysatortemperatur un- 
terhalb der festgelegten Temperatur ist. 

2. Abgasreinigungsvorrichtung ftjr einen Verbren- 
nungsmotor gemaB Anspruch 1 , wobei die Ein- 
richtung zum Steigern der Kohlenwasserstoff- 
menge eine Kohlenwasserstoff quelle (26) und 
ein Kohlenwasserstoff-Steuerventil (32) zum 
An- und Ausschalten der Kohlenwasserstoffzu- 
fuhr von der Kohlenwasserstoffquelle (26) auf- 
weist. 



3. Abgasreinigungsvorrichtung fOr einen Verbren- . 
nungsmotor gemaB Anspruch 1, wobei die Ein- 
richtung zum Steigern der Kohlenwasserstoff- 
menge eine Zundkerze (8) des Motors, eine 

5 ZGndeinstellungs-Steuereinrichtung, und eine 

Einrichtung zum Vorverlegen einer Ablauf- 
steuerung der ZUndeinstellungseinrichtung in 
Antwort auf eine Bestimmung durch die Ein- 
richtung zum Bestimmen der Katalysatortem- 

10 peratur, daB die NOx-Katalysatortemperatur 

unterhalb des festgelegten Werts ist, aufweist. 

4. Abgasreinigungsvorrichtung fur einen Verbren- 
nungsmotor gemaB Anspruch 1, wobei die Ein- 

75 richtung zum Steigern der Kohlenwasserstoff- 

menge ein Brennstoffeinspritzventil (12) fur 
den Motor, eine Steuereinrichtung zur Ablauf- 
steuerung der Brennstoffeinspritzung und eine 
Einrichtung zum Verstellen einer Brennstoffein- 

20 spritz-Ablaufsteuerung von einer optimalen 

Brennstoffeinspritz-Ablaufsteuerung in Reaktion 
auf eine Bestimmung durch die Einrichtung 
zum Bestimmen der Katalysatortem peratur, 
daB die NOx-Katalysatortemperatur unterhalb 

25 des festgelegten Werts ist, aufweist. 

5. Abgasreinigungsvorrichtung fur einen Verbren- 
nungsmotor gemaB Anspruch 1 , wobei die Ein- 
richtung zum Steigern der . Kohlenwasserstoff - 

30 menge ein AbgasrOckfQhrventil (28) eines Ab- 

gasruckfuhrsystems fur den Motor, eine Ein- 
richtung zum Steuem des Betriebs des Abgas- 
ruckfuhrventils, und eine Einrichtung zum Be- 
tatigen der Einrichtung zum Steuern des Be- 

35 triebs des Abgasruckfuhrventils aufweist, um 

das AbgasrUckfUhrventil (28) in Antwort auf 
eine Bestimmung durch die Einrichtung zum 
Bestimmen der Katalysatortem peratur, daB die 
NOx-Katalysatortemperatur unterhalb des fest- 

40 gelegten Werts ist, zu offnen. 

6. Abgasreinigungsvorrichtung fUr einen Verbren- 
nungsmotor gemaB Anspruch 1, wobei die 
festgelegte Temperatur 400 * C ist. 

45 

7. Abgasreinigungsvorrichtung fUr einen Verbren- 
nungsmotor gemaB Anspruch 1 , wobei die Ein- 
richtung zum Bestimmen der Katalysatortem- 
peratur einen MeBfuhler (18) zum Erfassen der 

so Abgastemperatur aufweist. 

8. Abgasreinigungsvorrichtung fUr einen Verbren- 
nungsmotor gemaB Anspruch 1 , wobei die Ein- 
richtung zum Bestimmen der Katalysatortem- 

55 peratur einen MeBfuhler (16) zum Erfassen der 

Ansaugluftmenge, einen Motordrehzahl-MeB- 
fuhler (22) und eine vorbestimmte Tabelle zum 
Bestimmen einer NOx-Katalysatortemperatur 



7 



13 



EP O 503 882 B1 



14 



auf der Basis von Ausgangssignalen von dem 
MeBfuhler (16) zum Erfassen der Ansaugluft- 
menge und dem Motordrehzah I- MeBfuhler (22) 
aufweist. 

5 

9. Abgasreinigungsvorrichtung fur einen Verbren- 
nungsmotor gemaB Anspruch 1, wobei der 
MeBfuhler zum Bestimmen der Katalysatortem- 
peratur eine Einrichtung zum Berechnen einer 
Brennstoffeinspritz-Ablaufsteuerung fur den w 
Motor (2) und eine Einrichtung aufweist, urn zu 
bestimmen, daB die Katalysatortemperatur auf 

ein Signal "Null" hin fur eine Brennstoffein- 
spritz-Zeitdauer, die mittels der Einrichtung 
zum Berechnen der Brennstoffeinspritz-Ablauf- 15 
steuerung berechnet wird, unterhalb des fest- 
gelegten Werts ist. 

10. Abgasreinigungsvorrichtung fur einen Verbren- 
nungsmotor gemaB Anspruch 1 , wobei die Ein- 20 . 
richtung zum Bestimmen der Katalysatortem- 
peratur eine Einrichtung aufweist, urn auf der 
Basis eines Offnungsgrades eines Drosselven- 

tils (30) zu bestimmen, ob der Motor (2) im 
Leerlauf ist Oder nicht, und urn zu bestimmen, 25 
daB die Katalysatortemperatur unterhalb des 
festgelegten Werts ist, wenn der Motor (2) im 
Leerlauf ist. 

11. Abgasreinigungsvorrichtung fur einen Verbren- 30 
nungsmotor gemaB Anspruch 1 , wobei die Be- 
tatigungseinrichtung (104-126) fur die Einrich- 
tung zum Steigern der Kohlenwasserstoffmen- 

ge eine erste Einrichtung (104-114), urn die 
Einrichtung zum Steigern der Kohlenwasser- 35 
stoffmenge fu> eine erste festgelegte Zeitdauer 
in einem Einschaltzustand zu halten, und eine 
zweite Einrichtung (116-126) aufweist, urn die 
Einrichtung zum Steigern der Kohlenwasser- 
stoffmenge fur eine zweite festgelegte Zeitdau- 40 
er in einem Ausschaltzustand zu halten,. wobei 
die erste Einrichtung und die zweite Einrich- 
tung derart eingestellt sind, daB sie nacheinan- 
der betatigt werden. 

45 

12. Abgasreinigungsvorrichtung fOr einen Verbren- 
nungsmotor gemaB Anspruch 11, wobei die 
erste festgelegte, Zeitdauer (TON) drei Minu- 
ten betragt und die zweite festgelegte Zeitdau- 
er (TOFF) eine Minute betragt. 50 

Revendlcatlons 

1. Systeme de purification des gaz d'echappe- 

ment pour un moteur a combustion interne 55 
comprenant : 

un moteur a combustion interne (2) pou- 
vant effectuer la combustion de carburant a 



des melanges air/carburant pauvres et compor- 
tant un tuyau d T echappement (4) ; 

un catalyseur d'oxyde d'azote (6) installe 
dans le tuyau d'echappement (4) du moteur 
(2), le catalyseur d'oxyde d'azote (6) etant 
constitue de zeolite et supportant un metal 
selectionne dans le groupe qui est constitue 
des metaux de transition et des metaux no- 
bles, et 

un moyen d'augmentation de quantite 
d'hydrocarbures pouvant augmenter la quantite* 
d'hydrocarbures inclus dans les gaz d'echap- 
pement s'ecoulant vers le catalyseur d'oxyde 
d'azote (6) ; caracterise par : 

un moyen de determination de temperatu- 
re de catalyseur pour determiner une tempera- 
ture representant une temperature du cataly- 
seur d'oxyde d'azote et pour determiner si la 
temperature du catalyseur d'oxyde d'azote est 
au-dessous d'une temperature predeterminee, 
et 

un moyen de mise en oeuvre du moyen 
d'augmentation de quantite* d'hydrocarbures 
pour mettre en oeuvre le moyen d'augmenta- 
tion de quantite d'hydrocarburbs de maniere 
intermittente chaque fois que le moyen de 
determination de temperature du catalyseur 
determine que la temperature du catalyseur 
d'oxyde d'azote est au-dessous de ladite tem- 
perature predeterminee. 

2. Systeme de purification des gaz d'echappe- 
ment pour un moteur a combustion interne 
selon la revendication 1 , dans lequel le moyen 
d'augmentation de quantite d'hydrocarbures 
comporte une source d'hydrocarbures (26) et 
une soupape de commande d'hydrocarbures 
(32) pour commuter la delivrance des hydro- 
carbures a partir de la source d'hydrocarbures 
(26) entre un etat ouvert et ferme. 

3. Systeme de purification des gaz d'echappe- 
ment pour un moteur a combustion interne 
selon la revendication 1 , dans lequel le moyen 
d'augmentation de quantite d'hydrocarbures 
comporte une bougie d'allumage (8) du mo- 
teur, un moyen de commande du cadence- 
ment d'allumage et un moyen pour avancer un 
instant du moyen de cadencement d'allumage 
en reponse a une determination par le moyen 
de determination des temperatures du cataly- 
seur du fait que la temperature du catalyseur 
d'oxyde d'azote est au-dessous de ladite va- 
leur predeterminee. 

4. Systeme de purification des gaz d'echappe- 
ment pour un moteur a combustion interne 
selon la revendication 1 , dans lequel le moyen 
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d'augmentation de quantity d'hydrocarbures 
comporte une soupape d'injection de carburant 
(12) pour le moteur, un moyen de commande 
de cadencement d'injection de carburant et un 
moyen pour decaler un moment d'injection de 5 
carburant a partir d'un moment d'injection de 
carburant optimal en reponse a une determina- 
tion par le moyen de determination de tempe- 
rature du catalyseur du fait que la temperature 
du catalyseur d'oxyde d'azote est au-dessous w 
de ladite valeur pr6determin£e. 

5. Systeme de purification des gaz d'echappe- 
ment pour un moteur a combustion interne 
selon la revendication 1 , dans lequel le moyen 75 
d'augmentation de quantite d'hydrocarbures 
comporte une soupape EGR (28) d'un systeme 
EGR pour le moteur, un moyen de commande 
d'actionnement de la soupape EGR et un 
moyen pour actionner le moyen de commande 20 
d'actionnement de la soupape EGR pour ouvrir 

la soupape EGR (28) en reponse a une deter- 
mination par le moyen de determination d'une 
temperature du catalyseur du fait que la tem- 
perature du catalyseur d'oxyde d'azote est au- 25 
dessous de ladite valeur preterm i nee. 

6. Systeme de purification des gaz d'echappe- 
ment pour un moteur a combustion interne 
selon la revendication 1, dans lequel la tempe- 30 
rature predeterminee est de 400 • C. 

7. Systeme de purification des gaz d'echappe- 
ment pour une moteur a combustion interne 
selon la revendication 1 , dans lequel le moyen 35 
de determination de temperature du catalyseur 
comporte un capteur de detection de tempera- 
ture des gaz d'echappement (18). 

8. Systeme de purification des gaz d'echappe- aq 
ment pour un moteur a combustion interne 
selon la revendication 1 , dans lequel le moyen 

de determination de temperature du catalyseur 
comporte un capteur de detection de volume 
d'air d'admission (16), un capteur de vitesse 45 
de rotation du moteur (22) et une table de 
correspondance predeterminee pour determi- 
ner une temperature du catalyseur d'oxyde 
d'azote basee sur les sorties provenant du 
capteur de detection de volume d'air d'admis- so 
sion (16) ou du capteur de vitesse de rotation 
du moteur (22). 

9. Systdme de purification des gaz d'echappe- 
ment pour un moteur a combustion interne 55 
selon la revendication 1 , dans lequel le capteur 

de determination de temperature du catalyseur 
comporte un moyen pour calculer I'instant d'in- 



jection de carburant pour le moteur (2) et un 
moyen pour determiner que la temperature du 
catalyseur est au-dessous de ladite valeur pre- 
determinee sur un signal de "zero" pendant 
Pintervalle de temps d'injection du carburant 
calcule par ledit moyen pour calculer le caden- 
cement de I'injection du carburant. 

10. Systeme de purification des gaz d'echappe- 
ment pour un moteur a combustion interne 
selon la revendication 1 , dans lequel le moyen 
de determination de temperature du catalyseur 
comporte un moyen pour determiner si oui ou 
non le moteur (2) est au ralenti, base sur un 
degre d'ouverture d'un papillon (30) et pour 
determiner que la temperature du catalyseur 
est au-dessous de ladite valeur predeterminee 
lorsque le moteur (2) est au ralenti. 

11. Systeme de purification des gaz d'echappe- 
ment pour un moteur a combustion interne 
selon la revendication 1, dans lequel le moyen 
de mise en oeuvre du moyen d'augmentation 
de quantite d'hydrocarbures (104 a 126) com- 
porte un premier . moyen (104 a 114) pour 
conserver le moyen d'augmentation de quanti- 
te d'hydrocarbures dans un etat active pendant 
un premier intervalle de temps predetermine et 
un second moyen (116 a 126) pour conserver 
le moyen d'augmentation de quantite d'hydro- 
carbures dans ,un etat desactive pendant un 
second intervalle de temps predetermine, le 
premier moyen et le second moyen etant fixes 
pour etre actionnes Pun apres rautre. 

12. Systeme de purification des gaz d'echappe- 
ment pour un moteur a combustion interne 
selon ia revendication 11, dans lequel le pre- 
mier intervalle de temps predetermine (TON) 
et le second intervalle de temps predetermine 
(TOFF) sont d'une minute. 
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